Vascular access complications are major issues in hemodialysis (HD) patients, which increase their morbidity and lessen HD efficiency. The aim of this study was to assess von Willebrand factor (VWF), and a disintegrin and metalloproteinase with eight thrombospondin-type 1 motif (ADAMTS13) levels in HD patients and their association with vascular access thrombosis (VAT). This study included a total of 158 individuals including 128 patients undergoing HD for more than 6 months, subdivided into two groups according to the occurrence of the previous episode of VAT; 60 HD patients with VAT and 68 HD patients without VAT and 30 healthy controls. Plasma ADAMTS13 and VWF levels were assessed by enzyme-linked immunosorbent assay technique. There were higher VWF levels and lower ADAMTS13 in HD patients, compared to healthy controls. Furthermore, VWF levels were significantly higher and ADAMTS13 levels were significantly lower in HD patients with VAT than those without VAT. Further prospective studies with large number of patients are thus needed to show if there is causal relationship between higher VWF levels, lower ADAMTS13, and VAT. 
Introduction
Patients on hemodialysis (HD) have a risk of vascular access thrombosis (VAT) which increases morbidity. [1] VAT in HD patients is mainly predisposed by vascular narrowing due to fibromuscular and intimal hyperplasia, which result in drop of blood flow through vascular access. This drop of blood flow results in blood stasis, which leads to low blood pressure, blood volume, and hypercoagulable state within fistula. Decreased blood flow and stasis secondary to intimal hyperplasia predispose to thrombosis. [2] Von Willebrand factor (VWF) is a critical part of the coagulation cascade and can be used as biomarker of hypercoagulation. [3] The VWF is a multifunctional acute-phase glycoprotein with a crucial role in the formation of platelet thrombi. It consists of similar subunits of 270 kDa each composed of 2050 amino acids produced by endothelial cells and megakaryocytes into subendothelium and plasma, respectively, whereas very large VWF is stored in endothelial cells and on injury to endothelium, is released at the site of endothelial injury. [4] VWF contributes to thrombus formation by two mechanisms, directly by mediating platelet adhesion to subendothelial collagen and indirectly by preventing clearance of Factor VIII (FVIII) from plasma. Hence, elevated levels of FVIII and VWF are strongly linked to atherosclerosis and thromboembolism. [5] Newly secreted ultra large multimeric VWF (UL-VWF) have a high spontaneous platelet binding potential and consequently must be enzymatically degraded into smaller, less thrombogenic units before entering the circulation. [6] A disintegrin and metalloproteinase with eight thrombospondin-type 1 motif (ADAMTS) family of secreted multidomain zinc metalloproteases cleave the peptide bond between tyrosine at position 1605 and methionine at position 1606, in the central A2 domain of VWF. [7] A member of the ADAMTS family with mass of approximately 150 kDa, named ADAMTS13 (a disintegrin and metalloproteinase with eight thrombospondin type 1 motif, 13), also
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For reprints contact: reprints@medknow.com known as VWF-cleaving protease is a proteolytic enzyme cleaves and removes UL-VWF from circulation, prevents elongation and accumulation of hyper-reactive UL-VWF strands on activated endothelial surface. [8] ADAMTS13 is mainly produced by the liver and circulates in the blood. [9] It has large molecular weight, so it is not affected by the type of dialysis and dialyzer membranes. VWF is the only known substrate for ADAMTS13, so deficiency and/or the presence of antibodies against ADAMTS13 may elevate UL-VWF plasma levels, thus leading to thrombosis in small vessels. [10] The aim of this study was to assess plasma level of VWF and ADAMTS13 in HD patients and their association with VAT.
Patients and Methods
This cross-sectional study included a total of 158 individuals including 128 HD patients and 30 unrelated healthy, age-and sex-matched individuals as control group. Patients were selected from four dialysis centers in Menoufia governorate, Egypt. The HD patients were subdivided into two groups, according to the occurrence of a previous episode of VAT. The first group included HD patients with VAT (60 patients) who experienced, at least, one previous episode of thrombotic occlusion, which was identified by failure to feel thrill in access and inability to use the access for dialysis. The second group included HD patients without VAT (68 patients) with no history of previous thrombotic occlusion.
All patients had regular HD sessions 3 times per week, for 3-4 h. The dialysate flow rate set at a 400-500 mL/min and blood flow rate set at 300-450 mL/min. They were dialyzed with low-flux polysulfone dialyzers with bicarbonate-based solutions. These patients were heparinized (by unfractionated or low molecular weight heparins), before and during HD session. The following data were obtained from patients; age, gender, etiology of end-stage renal disease (ESRD), body weight, predialysis blood pressure levels, type of vascular access, duration of HD, interdialytic weight gain, and urea reduction ratio (URR). Written consent (approved by the Committee of Human Rights in Research at Menoufia University) was obtained from all studied subjects before blood sample collection for laboratory investigations, which included lipid profile (serum total cholesterol [TC], triglycerides [TG], high-density lipoprotein cholesterol [HDLc] , and low-density lipoprotein cholesterol [LDLc]), serum albumin, serum urea, total hemoglobin and plasma VWF and ADAMTS13 levels using standard laboratory techniques.
The URR was calculated from pre-and postdialysis blood urea levels. [11] Plasma VWF levels were measured by enzyme linked immunosorbent assay (ELISA) method, using Thermo-scientific™ human VWF ELISA kit from the USA. [12] Plasma ADAMTS13 levels were determined by ELISA method, using Quantikine ® Human ADAMTS13 Immunoassay kit from the USA. [13] 
Statistical analysis
Data were collected, tabulated, statistically analyzed by computer using SPSS version 16 (SPSS Inc., Chicago, IL, USA). Data were statistically described as mean ± standard deviation (X ± SD) for quantitative variables and analyzed by applying Student's t-test for comparing two groups of normally distributed variables and as frequency and percentage for qualitative variables. Chi-square was used to compare between two groups of categorical variables. P ≤ 0.05 was considered statistically significant.
Results
This cross-sectional study showed that age and gender were matched between studied groups (P > 0.05) [ Table 1 ]. Clinical data and HD parameters did not differ statistically between HD patients with and without VAT [ Table 1 ]. Body weight, duration of dialysis (years), interdialytic weight gain, predialysis systolic blood pressure, predialysis diastolic blood pressure, URR, hemoglobin, TC, LDLc, HDLc, TG, and serum albumin were not significantly different between both groups (P > 0.05) [ Table 1 ]. There were no statistical differences between both patient groups according to cause of ESRD; 19.3% diabetes mellitus (DM), 14.8% glomerulonephritis (GN), 33.5% hypertension, 2% lupus nephritis, 2.1% polycystic kidney disease (PKD), 29.3% other or unknown causes in HD patients without VAT while in HD patients with VAT; 20% DM, 17.5% GN, 34% hypertension, 1.5% lupus nephritis, 2% PKD, and 25% other or unknown causes.
HD patients had significantly higher plasma VWF levels than healthy controls (P < 0.05) while a significant decrease in plasma ADAMTS13 levels was observed in HD patients, as compared to the control group (P < 0.05) [ Table 2 and Figures 1, 2 ]. In addition, HD patients with VAT showed significantly higher plasma VWF levels and lower ADAMTS13 levels (P < 0.001) than others without VAT [ Table 2 and Figures 1, 2] .
Discussion
Hemodialysis as renal replacement therapy is associated with bleeding and thrombotic complications resulting from platelet dysfunction and alterations in both fibrinolytic and coagulation factors. [14] It seems that this hypercoagulation in HD patients is a synergism between genetic (e.g., prothrombin gene mutation, Factor V Leiden, protein C, and protein S) and acquired risk factors. [15] HD patients experience 20%-25% of their hospitalizations due to vascular access problems, of which thrombosis constitutes 85% of these problems. [16] Furthermore, vascular access dysfunction represents a noteworthy monetary burden for HD patients, in a few appraisals, 10% of the Medicare spending for ESRD patients. [17] ADAMTS13 and VWF had been considered as biomarkers of endothelial dysfunction and kidney disease had been associated with decreased activity of ADAMTS13. [17, 18] In the present study, there was a significant statistical increase of plasma VWF levels in HD patients when compared to healthy controls while a significant decrease was observed in ADAMTS13 plasma levels in HD patients than in the control group. These results are aligned with the study by Rios et al., 2012 , [1] who demonstrated that, chronic activation of platelet and endothelial cells in HD could continuously increase the VWF levels. Furthermore, higher VWF levels could be result from inflammatory cytokines which stimulate UL-VWF secretion from the endothelium in HD patients. [4] In addition, Taniguchi et al., 2010 [19] and Shen et al., 2012 [20] found that increased plasma levels of VWF and reduced ADAMTS13 activity in patients with CKD compared with the control group. Another study by Malyszko et al., 2001 [21] illustrated that, endothelial damage in HD patients, caused by uremic state, hyperlipidemia, inflammatory cytokines, or hypertension increased VWF levels. HD patients also experienced higher expression of endothelial VWF, thrombomodulin, and tissue factor.
Ono et al., 2006 [22] and Cohen-Hagai et al., 2017 [10] demonstrated that higher concentrations of VWF were associated with increased breakdown of ADAMTS13. This breakdown is performed by either proteases present in plasma such as thrombin or secreted by granulocyte elastases. Higher thrombin levels might increase ADAMTS13 turnover in hypercoagulable states. ADAMTS13 activity also was decreased in other conditions complicated by hypercoagulable states such as CKD, chronic liver disease, cardiovascular disease, and disseminated intravascular coagulation. [22, [23] [24] [25] Furthermore, there was increased plasma VWF and decreased ADAMTS13 levels in preeclampsia [5] and diabetic nephropathy, with a negative correlation with estimated glomerular filtration rate. [25] ADAMTS13 malfunction either due to its deficiency and/or antibodies may support the event of thrombosis in small vessels because UL-VWF plasma levels were high. Higher plasma levels of VWF multimers due to absence or low ADAMTS13 activity as seen in hemolytic uremic syndrome and thrombotic thrombocytopenic purpura, had thrombotic tendency. [8] This study revealed that HD patients with VAT showed significantly higher VWF levels and significantly lower ADAMTS13 levels than those without VAT [ Table 2 ]. These higher VWF levels and lower ADAMTS13 activity may be incriminated in vascular access dysfunction. It was found that higher UL-VWF levels may be linked with widespread obstruction of renal arterioles. [26] Small isomers of VWF did not adhere to platelets after splitting of UL-VWF by ADAMTS13. Although the UL-VWF form aggregates with platelets and lead to occlusion of microcirculation. [4] Danis et al., 2009 [27] found that in HD patients, ADAMTS13, and VWF imbalance is a common component of a hypercoagulability state which, in addition to other genetic and acquired factors, could trigger the thrombotic events in these patients. Rios et al., 2011 [28] stated that prothrombin gene mutation (G20210A) was associated to the development of VAT in HD patients. The balance between decreased ADAMTS13 activity and increased VWF observed in dialysis patients may contribute to the prothrombotic state and accelerated atherosclerosis. [29] On contrary to our results, Rios et al., 2012 [1] reported that the antibody capture ELISA test used to detect VWF recognizes mainly ULVWF, and there was no significant differences in levels of VWF between, patients with and without VAT, suggesting that HD initiate a hypercoagulability state, regardless of the development of VAT.
Study limitations
It was a cross-sectional study and did not provide causal relationship. The sample size is small. Further prospective studies with large number of patients are thus needed to confirm our results.
Conclusion
The study concluded that plasma VWF and ADAMTS13 might be considered as markers of hypercoagulability state in HD patients as they are associated with VAT occurrence. So, further prospective studies with large number of patients are thus needed to confirm our results.
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